Abstract: Groundwater development through construction of water wells forms the nuclei of government and international donor agencies intervention programmes in the rural
INTRODUCTION
The current practice in manual drilling in Nigeria is shown in FIGURE 1 is a rotary method of manual drilling. A four or three way clamp and pipe wrenches are used to turn the drill stem in the clockwise direction to achieve drilling. It is easily seen that the operators are struggling with friction on all sides as they rotate the drill stem to execute boring. This is due to lack of concentricity during the pipe descent into the hole. At any point in time, the drill stem can dangle to any side with the possibility of taking cuts in slightly slanting positions. Drilling becomes tedious and a struggle with both the earth and the tools. Breakages of drill bits and stems are common place with the resultant production of awkward holes which are liable to fail shortly after commissioning, as the attendant evasion from the drudgery does not lend the operators the patience to work to rich aquifers. This research evolved and developed a new technology which amongst other features ensures the following.
1. That cutting must be centrically executed, with even cuts by the bit lips. 2. That the drill stem is positioned equidistance and concentric with the hole being made by the bits. 3. Easy mobility of the rotating stem through the installation of a bearing assembly and the utilization of a Kelly in the square slot of the bearing assembly for drilling. This technology excludes the possibility of boring in the slanting position. It also excludes any friction that would have been occasioned by the drill stem touching or resting on the walls of the bore. More than anything, it ensures that the energy spent in turning the stem is purely utilized in cutting soil, regolith and rock. 
II. DESIGN OF THE MANUAL ROTARY TABLE CONCEPT
The design considerations that guided the project in the critical areas of drilling power and stanchion capability are discussed hereunder. The winch and wire rope selection are based on the manufacturer's specification of 3 tones (3000kg) and matching wire rope.
2.1: Strength of soils and rocks
Unconfined Compressive Strength (UCS) of a rock or soil is defined as the strength of the rock or soil sample when crushed in one direction without lateral strain. Unconfined Compressive Strength is also referred to as Uniaxial Compressive Strength. It is a primary index in determining the drillability of a formation as well as in determining the most suitable drilling or excavation method for any formation. It is the strength of a rock or soil sample when crushed in one direction (uniaxial) without lateral restraint. (Allaby and Allaby 1999) . The UCS of non-cohesive soils cannot be measured since the sample will crumble on drying. Soils are classified into types A, B, and C according to a report by BS-121(2009); ASTM standards D653-85 and D2XSS. Type A soils are of UCS 144KPa and above Type B soils are of UCS between 48KPa and 144KPa while, Type C soils are of 48KPa UCS or less. Rocks are classified by strength with the gradient measuring from soft completely weathered rocks of the sedimentary family to the very hard metamorphic and igneous rocks. Accordingly very weak rocks are of UCS between 1.25 and 5MPa; weak rocks are classified as rocks of UCS less than 12.5MPa; rocks of medium strength has UCS between 12.5MPa and 50MPa. Strong rocks have UCS of between 50MPa and 100MPa while very strong rocks have UCS between 100MPa and 200MPa. Rocks of UCS above 200MPa are graded as extremely strong rocks (Hawkins 1998) . Weak rocks comprise of some weakly compacted sedimentary rocks or some very highly weathered igneous or metamorphic rocks. Medium strength rocks comprise of some foliated metamorphic rocks and highly weathered igneous and metamorphic rocks. Strong rocks comprise low grade metamorphic rocks and marbles while very strong rocks are mainly of plutonic, hypabyssal and extrusive igneous rocks. Thus POWER SLIDING = TORQUE SLIDING x W rads/sec.
2.2: Design analysis of the concept
b) POWER OF CUTTING Work done or energy expended in crushing a volume of rock is given by
Power to break a rock is POWER CUTTING = WORK PER REVOLUTION x (2 /60 x RPM) watts 
Unconfined Compressive Stress (UCS)
From equation 1.6, the Unconfined Compressive Stress (UCS) of the strongest rock particle in such formation is:
Inference from above UCS shows that the equipment is suited for drilling in predominantly soil and very weak rock formations.
Estimated human power for work is given as 70watts (Compell, 1990 ). The construction of manual made easy rig shows that equipment shall be powered by two humans with total power output of 140watts. Putting the following parameters [µ= 0.04, WOB = 5886N, R c = 0.0889m, Area = 0.0177m 2 and d pr = 0.00422m] in equation 1.6, the drilling power (optimum terrain) for manual made easy rig can be computed.
2.4: Stanchion design
The draw works of the manual rotary table concept comprises a four legged stanchion of steel pipe section and a 50:1 velocity ratio winch and wire rope assembly. The drilling stanchion is shown in FIGURE 2. It was designed to carry the weight of drill pipes ordinarily called drill stems, and the bit up to a depth of more than 60meters. The drill stems are pipes of 2.375inch (60.325mm) diameters, 10ft (3.048m) length and of mass approximately equal to 66.5lb (30kg). The stanchion legs are made of pipes 2.95inch (75mm) external diameter, 2.56inch (65mm) internal diameter and 18ft (5.49m) length.
25.4mm
152.4mm The four legged stanchion carries the load of the drill stems and bit during the entire period of drilling. The legs are thus subjected to compressive stresses and taken as columns. The parameter that determines which value of compressive stress to employ in structural evaluation of a column is the slenderness ratio which is the ratio of the effective length of the column to the least radius of gyration of the section. (Khurmi 1968) . Both the slenderness ratio and the permissible stress are computed through an empirically determined fixture of effective or equivalent lengths depending on the end conditions of a column. The fixture for the stanchion is that of a column with one end fixed and the other hinged. Its equivalent length for structural analysis and computation is given as:
BIT CUTTING LIPS
The choice of length of drill stem of 10ft (3.048m) is predicated on the common standard lengths in the market: 10ft, 15ft, 20ft for water Drilling and 30ft, 40ft, 60ft and 100ft for oil drilling. The 10ft length elects a Kelly length of about 3ft longer to take care of back-fill during the period of drill stem replacement. The height of the manual rotary table underlines the minimum height of stanchion leg of 18ft (5.49m).
Stanchion pipes design
Two thick steel pipes were considered for application. 
THE CONSTRUCTED ROTARY TABLE TECHNOLOGY
The constructed equipment is presented in FIGURE 4. The figure depicts the important components of the manual rotary 
IV. CONCLUSION
The machine can be employed for drilling in soil and very weak rock formations. The human capability can execute depths up to a maximum of 60meters. The stanchion has the static capability to carry loads ten times the design depth of sixty meters. It is however recommended for not more than two times the design depth to allow for a factor of safety of fifteen for dynamic working conditions. The winch of three tonnes capacity can carry load twice the WOB for the 60meter depth. It has been put to use since the test run in 2012 and found to have obvious advantages over the current manual methods.
